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Abstract 
The peculiarity of the high speed railway power supply and distribution system is introduced. With comparison of 
conventional reactive power compensation approach, an adjustable and feasible compensation scheme is proposed. In 
order to regulate the reactive power of the high speed railway flexibly, we compensate the reactive power of the 
feeder substation and the power through line respectively. The compensation scheme of the power through line relies 
mainly on setting fixed reactors distributed on it with adjustable reactors concentrated in the substation as subsidiary, 
and increasing the power factor of the end line of the feeder substation. 
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1.Introduction 
High speed railway power supply and distribution system mainly provides power to 10/0.4kV feeder 
substation in the station for communication, dispatching, illumination and air conditioner, and small 
capacity substation along the 10kV power through lines for signal loads such as base station and relay 
station. 
In order to promote the power supply reliability, the percentage of cable line is increased in the railway 
power supply system, and the power through line of high speed railway is with all cable lines. Generally 
speaking, the longer the cable line is, more serious is the capacitive effect. The capacitive effect of all cable 
line would result in terminal voltage increased, and amount of capacitive reactive power flowing in the 
power supply and distribution system as well, which may decrease the power factor of the incoming line. 
Conventional reactive power compensation scheme usually adopting fixed value reactors, however, 
inductive reactive power the power supply and distribution system needed can not be regulated when the 
operating mode alters. Dynamic reactive power compensation such as static var compensator (SVC), valve 
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controllable reactor and STATCOM [1-6] can automatically regulate the reactive power smoothly, and 
accommodate to the reactive power characteristic switch of all operating modes. Nevertheless, the 
investment of dynamic reactive power compensations is too high which is uneconomical. 
This paper proposed a flexible, economic and feasible reactive power compensation scheme for the high 
speed railway power supply and distribution system, through theoretical analysis, field tests and simulation 
analysis based on PSCAD/EMTDC platform. At the same time, whether dynamic reactive power 
compensators are needed to meet the requirment of both inductive and capacitive reactive compensation is 
verified. The scheme proposed provides technical support to high speed railway reactive power 
compensation design and specifications drawing. 
2.Properties of Railway Power System 
The topology of the railway power supply and distribution system is quite simple. On the other hand, the 
requirment of reliability is extraordinary high. The power through line obtains power from adjacent 
distribution substations unidirectionally, and the two adjacent distribution substations are backups for each 
other, which can guarantee uniterrupted power supply effectively. Also, there are two power through lines 
in the same power supply arm, which are integrated load through line and primary load through line 
respectively, being backup mutually in emergency. A diagram of high speed railway power supply and 
distribution system is shown in Fig.1. Theoretically, the interruption time of power supply to the railway 
poer line loads (automatic blocking signals) must not exceed 150ms, otherwise, all the automatic blocking 
signals of the power supply range will turn to red light, and affect the normal transportation of the high 
speed railway [7]. 
Figure 1. High speed railway power supply and distribution system 
The power through line is running in 10kV voltage grade, and the power incoming line can access either 
directly to the 10kV grid or to the 35kV (110kV) grid through a 35/10kV (110/10kV) main transformer.  
Most load of the high speed railway power supply and distribution system features inductively, and the 
power factors are usually 0.8 of loads on the power through line and 0.85 of loads in the feeder substation. 
As impact loads existed, it usually adopts large power distibution transformers in order to ensure the power 
supply reliablity, and the load rate of conventional operating modes are fairly low consequently, usually 
between 10%~40%. 
It is prescribed in the power supply rules in China that, the power factor of the grid-connected side 
should above 0.9, and the voltage fluctuation should be within ±7% of the 10kV voltage grade. In 
consideration of the capacitive effect of the all cable line and the operating characteristics of the high speed 
railway, it is necessary to do research on reactive compensation of the railway power supply and 
distribution system, and make it operating more reasonable. 
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3.Reactive Power Compensation Scheme 
In order to avoid reactive power transferring between the power through line and the feeder substation, we 
made reactive power compensation schemes for the power through line and the feeder substation separately, 
to ensure the compensate results independent with each other. In addition, compensation schemes for 
power through lines of different sections and length are totally different, and this paper puts forward a 
general design specification. 
A typical 10kV all cable line simulation model for the reactive power compensation study was build 
base on PSCAD/EMTDC platform. The length of the power through line is assumed to be 60km, and the 
specification of the cable line is YJV62-8.7/10kV, 1×70mm2 at the initial simulating state. The loads are 
set in every 3 km, and the capacity of the regulator is 800kVA. The power incoming line accesses directly 
to the 10kV grid at first. 
3.1.Without Compensating Devices Operation 
The serious capacity effect of all cable line would result in different features of the power through line 
when running in different modes. In order to realize the peculiarity of the power through line in different 
operating modes, the reactive power characteristic of it without any compensating devices has been 
verified before we do the compensation work. The power factor (PF) of the incoming line is shown in 
Table I. 
Table 1 Power Factor of Incoming Line Without Regard of Compensation Devices in Power Through Line 
Load Rate No-load 20% 40% 80% 100% 
PF Angle -87.48° -70.78° -49.00° -6.39° 6.84° 
PF 0.04(lead) 0.33(lead) 0.66(ead) 0.99(lead) 0.99(lag) 
It can be figured out through Table I that, when the load rate is below 80%, the power through line 
continously presents capacitive features. While the load rate is above 80%, the reactive power provided by 
cable lines offsets that absorbed by load, and the power factor of the power incoming line is above 0.9, 
meeting the standard of power quality without compensation devices in these modes. 
Accordingly, there is no need to compensate capacitive reactive power for the power through line to 
accommodate to the reactive power characteristic switch of all operating modes. The only use of reactor 
for compensation is far more economical rather than adopting dynamic reactive power compensating 
devices such as SVC/STATCOM. 
3.2.Compensation Approach of the Power Through Line  
The simulation model is presumed to be 60km all cable power through line with no feeder substation so as 
to study on the compensation scheme for the power through line separately. 
In order to ensure both the power factor and the voltage of the power through line would meet the 
standard of power quality in all operating modes, the compensating reactor should be regulated flexibly. 
The scheme rely mainly on setting fixed reactors distributed on the power through line which can be 
remote switched, with adjustable reactors concentrated in the substation as subsidiary is suggested. 
In consideration of the load rate being usually 10%~40% annually, the reactive power compensation 
design principle is as follows: Set the adjustable reactors as zero at maximum of normal running modes 
(40% for instance), and the amount of reactive power the power through line needed is the total capacity of 
the fixed reactors. The capacity of the adjustable reactors is the reactive power provided by it under no load 
condition. The concrete scheme is presented in Table II.  
Table 2 Compensation Scheme for Power Through Line 
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Load Rate 
Adjustable Reactor 
Capacity (kVar) 
Distributed Reactor 
Capacity (kVar) 
Max Offset 
Voltage (%) 
Incoming
Line PF 
No-load 140 255 0.80% 0.975 
10% 100 255 0.25% 0.988 
20% 75 255 1.00% 0.966 
30% 50 255 2.04% 0.950 
40% 0 255 2.71% 0.968 
50% 0 255 4.19% 0.932 
60% 0 255 2.37% 0.916 
70% 0 170 2.85% 0.946 
80% 0 170 3.60% 0.928 
90% 0 85 4.19% 0.951 
100% 0 85 3.51% 0.931 
The regulator tap ratio is 10/10.25 kV in the load rate of 60%~90%, and 10/10.5 kV of 100%. 
The simulating results in Table II illustrate the conclusion below. In most conventional operating modes 
(load rate between 0~60%), all the distributed reactors are running into operation, and adjust the 
concentrated reactors in the range of 0~140 kVar to regulate the power factor.  
In the load rate of 70%~100%, the concentrated reactors are set to 0, and switch the distributed 
compensation reactors in groups by remote controls, to meet the power quality requirements. To be 
specific, when the load is a little bit heavy occasionally (load rate in the range of 70%~80%), a group of 
distributed fixed reactors should be cut by remote controls, and the group in the end of the line is suggested 
for the reason that the voltage in the end of the line could be lifted a little bit in this way. When the power 
line running in some extreme condition (load rate in the range of 90%~100%), two groups of distributed 
fixed reactors should be cut, and the groups in the head and in the end are suggested to be cut to balance 
the voltage along the line. 
3.3.Compensation Scheme for Feeder Substation 
It can be figured out through theoretical analysis that, the power factor of the head line would be increased 
by improving the power factor of the end line. Thus, the compensation scheme for the feeder substation 
revealed, which is the improving power factor of the incoming line via increasing the power factor of the 
feeder substation. The power factor of the load in the feeder substation could be improved by 
compensating capacitors easily. 
The accuracy of the compensation scheme for the feeder substation is further certificated by the 
simulation results. The amounts of power losses are completely different of transformers of different 
capacity. The capacities of the distribution transformers are between 250kVA~20000kVA in simulation of 
this paper, in order to cover all the sizes of stations in railway system, and acquire a general law for all the 
situations. In addition, the load rate of the distribution transformer in feeder substation is usually in the 
range of 30%~100%. The final compensation result of the feeder substation is as shown in Table III. 
Table 3 Compensation Scheme for Feeder Substation 
Distribution 
Transformer Capacity 
(kVA) 
Feeder Substation PF 
Should Be Up To 
PF of Incoming Line for Each 
Load Rate 
30% 50% 70% 100% 
250 0.93 0.904 0.910 0.912 0.911 
500 0.93 0.901 0.906 0.906 0.901 
1000 0.93 0.901 0.906 0.905 0.901 
2000 0.93 0.900 0.905 0.905 0.901 
5000 0.93 0.901 0.906 0.905 0.901 
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10000 0.93 0.900 0.905 0.905 0.901 
20000 0.93 0.900 0.906 0.905 0.901 
The results in Table III indicate that the power factor of the incoming line could be above 0.9 when the 
power factor of the feeder substation is regulated up to 0.93, in spite of the variation of the load rate, even 
in full load operation mode. It is verified that the compensation scheme of improving the power factor of 
the feeder substation is indeed practical and effective. 
3.4.Acquire Power through 110/10kV Main Transformer 
The reactive power losses of the main transformer should be taken into account when the high speed 
railway power supply and distribution system acquires power from the grid through a main transformer. 
Based on the conclusion of part C, a certain capacitor is fixed on the secondary side of the main 
transformer. Since the approach in part C has ensured the power factor of the head end of the feeder 
substation above 0.9, the capacitor compensates the reactive power of the main transformer directly. The 
capacity of the main transformer is 40000 kVA for example. The simulation result is shown in Table IV.  
The result of Table IV illustrates that, the compensation degree is within 2% when the load rate of the 
main transformer is below 12.5%, and 2%~5% when the load rate of the main transformer is between 
12.5% and 50.0%, and 5%~10% when the load rate of the main transformer is greater than 50.0%. 
Table 4 Compensation for 40000kVA Main Transformer 
Main Transformer Load Rate Compensating Capacitor (kVar) Compensation Degree 
0.625% 780 1.95% 
2.5% 780 1.95% 
5.0% 785 1.96% 
7.5% 785 1.96% 
12.5% 785 1.96% 
25.0% 830 2.08% 
50.0% 1200 3.00% 
100.0% 3000 7.50% 
125.0% 4100 10.25% 
Notes: Compensating CapacitorCompensation Degree 100%
Main Transformer Capacity
  u
 
3.5.Compensation for Lines of Different Sections and Lengths 
In running power supply and distribution system, the cable sections and lengths are both variant in 
different situations. The study of compensation approach for power through lines of different sections and 
lengths helps to put forward a general design specification. 
The compensating method is the same as what is presented in part B. The fixed reactors can be remote 
switched, and distributed in groups in three places of the power through line (1/4, 1/2 and 3/4 of the line 
separately). 
The section of the cable line can be chosen as 50mm2ˈ70mm2 and 95mm2 respectively, and the length 
is in the range of 40km~70km in simulation models. The compensating scheme of 40km cable power 
through line in section of 50mm2 as an instance is presented in Table V.  
Table 5 Compensating Scheme of 40km Cable Line in 50mm2 
Load Rate Adjustable Reactor Distributed Reactor Max Offset Voltage  Incoming 
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Capacity (kVar) Capacity (kVar) (%) Line PF 
No-load 108 120 0.40% 0.975 
10% 80 120 0.41% 0.968 
20% 50 120 1.18% 0.970 
30% 30 120 2.09% 0.953 
40% 0 120 2.92% 0.955 
50% 0 120 4.11% 0.922 
60% 0 40 3.60% 0.965 
70% 0 40 2.86% 0.947 
80% 0 0 3.57% 0.949 
90% 0 0 2.80% 0.937 
100% 0 0 3.38% 0.917 
The regulator tap ratio is 10/10.25 kV in the load rate of 70%~80%, and 10/10.5 kV of 90%~100%. 
Similar conclusions are gained for other situations, which will not be given in specification for lack of 
space.
Accordingly, a general design specification for high speed railway power through line is induced. Set 
the adjustable reactors as zero at peak load of normal running modes (load rate of 40%~50% for instance), 
and the amount of reactive power the power through line needed could be set as the total capacity of the 
fixed reactors. The capacity of the adjustable reactors is the reactive power provided by it under no load 
operating condition. When the power through line running in some extreamly modes (load rate of 
60%~100% for instance), the fixed reactors can be cut off by remote switches in groups to meet the 
requirement power quality. 
4.Correctness Verification of the Approach 
4.1.Hand-in-hand Mode 
If there are faults in substation and the power supply arm would run out of power, the power line will 
operating under emergency standby condition, and the power supply arm which run out of power will 
obtain power from adjacent distribution substation. The railway power line will run in hand-in-hand mode, 
which provides power to two power supply arms in two directions. The hand-in-hand mode is shown in 
Fig.2. 
Figure 2. Hand-in-hand running mode 
The operating situation in hand-in-hand mode is shown in Table VI. 
Table 6 Operating Situation in Hand-in-hand Mode 
Load Rate Max Offset Voltage (%) Incoming Line PF
No-load 0.8% 0.96 
AC
10/0.4 kV
Feeder 
substation
10/10 kV
10 kV
The normal 60 km power supply arm
10/10 kV
The 60 km power supply arm in 
standby mode 
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10% 0.25% 0.924 
20% 1.01% 0.936 
30% 2.14% 0.931 
40% 2.86% 0.948 
50% 4.2% 0.923 
60% 3.9% 0.954 
70% 4.7% 0.968 
80% 4.79% 0.981 
90% 3.24% 0.973 
100% 2.7% 0.959 
The regulator tap ratio is 10/10.25 kV in the load rate of 90%, and 10/10.5 kV of 100%. 
The result in Table VI indicates the power factor of the incoming line and the voltage along the line are 
both meet the requirement of power quality in hand-in-hand mode, which demonstrates the compensation 
approach proposed in section III is effective.  
4.2.Field Test 
The reactive power compensation conditions of opened high speed railway lines such as Wuhan-
Guangzhou line and Shanghai-Ningbo line which adopt reactive power compensation approach related in 
this paper have been tested in the field. The capacitive current of cable lines in the sections of 50mm2ˈ
70mm2 and 95mm2 are 0.34A/km, 0.39A/km and 0.44A/km respectively, which are consistent with the 
reactive compensation results related in this paper in simulation. 
In addition, the compensation scheme related has been applied in the Beijing-Shanghai high speed 
railway design programming which under construction. The compensation scheme rely mainly on setting 
fixed reactors distributed on the power through line with adopting adjustable reactors concentrated in the 
substation as subsidiary, can not only regulate the power factor to meet the standard of power quality, but 
also reduce the investment by avoiding compensating both inductive and capacitive reactive power in the 
power through line. 
5.Conclusion 
Economic index is quite important for a practical operating electrified railway, so an economic reactive 
power compensation approach has great engineering value for application. The study of the railway power 
through line characteristics and the disclosure of only inductive compensation is necessary avoid the 
chosen of expensive compensation devices effectively. 
The compensation approach is compensate reactive power for the feeder substation and the power 
through line respectively, which is improving the power factor of the substation up to 0.93 to make sure the 
power factor of the head line of the feeder substation above 0.9, and compensating for the power through 
line relied mainly on setting fixed reactors distributed on the power through line which can be remote 
switched, with adjustable reactors concentrated in the substation as subsidiary. The approach can avoid the 
frequent transfer of reactive power between the feeder substation and the power through line to impact 
each other. The combination of distributed compensation reactors and concentrated adjustable reactors can 
not only improve the power factor of the incoming line, but also smooth the voltage along the line. The 
compensation approach concerned is verified economic, feasible and practical. 
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